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ABSTRACT

Me find no evidence for :1 or ~1,decays for any two-body decay mode in

which a ?hoton is emitted. The 90’.confidence level limit which we set is

: ;,/M.,,~ 0.11, where M, is the mas! of the muon neutrino in eV and 7 is,.Ju,, ,.
the muon neutrino lifetime in seconds.

Presented by R. L. Eurman

Much interest has recently been focused on the subject of lepton flavor

conservation. In particular, there has been extensive experimental and theo-

retical investigation of the possibility of f(eu”.rinooscillations. The for-

mallsm which allows neutrinos to oscillate into each other could alse allow

neutrino decay. Specifically, in order for a muon neu:rino to decay, it is

ncccssary that it have a nonzcro rcs! mass, that there be an interaction which

breaks th~ lepton number conservation scheme, and that there be an odd half-

integer spin particle which is lighter than the muon neutrino.

We have calculate the scnsitivitv of our rcccnt ncutrino experiment at

the Clinton P. Anderson Meson Physics Facility (LA?4PF)to the decay of ‘.i,or
—

This experiment has previously been used to set new Iim{ts on exotfc muon

decay,’

R(ii++:++ -all) =0.09 ;

to measure for the first time the ucah matrix clcmcnt involved fn energy pro-

duction in the sun,l

.*(jeD..pe-p) . (0.52 ● 0.18) x 10-40 cm7 ;

and to ltmit the mats dtffcrcncc In the ;, I ~e oscillation channel,
2

6m2 <0.5 ev2



The six-ton HqO Cherenkov counter3 was sensitive to any neutrino decay within

the volune of’the detector in which a Y was emitted and which subsequently

converted in the H20 radiator. Our counter was exposed to an incident flux

of 1.7 x 1018
+

muon neutrinos which originated from T ~ U+v,,decays and to the

same flux of vu and Ve from the subsequent m+ + e+’~evljdeca~s. Both decays

occurred at rest within the main proton beam stop at LAMPF. The neutrino
+

spectra from the stopped n and IJ:-decays are shown in Fig. 1; the maximum

neutrino energy is 53

position of our water

tor, the flux cf each

was approximately 1.7

cmz-s. Since the Y- and u- were :

Mev. At the

Cherenkov detec-

neutrino type

x 107 neutrinos/ ●

a

*
mostly absorbed, the ratio of ~e to .e ~

-3was less than 10 . g

The kinematics of the decay of a ~
a

neutrino into two lighter particles, w
=

‘J+ X + y, gives E} = 1/2 (1 + coSn*)E. ,

where we nssm E,J‘> M,,and E.,~~ Mx.

Here $. and Ev are enerqies in tbe

laboratory system and J** is the angle _,
NEu1”RM ENERGY (b’ov;

Fig. 1. I{cutrino-:pectra from
of the photon in the cf?nter-of-mass stopped and :,+decay at
system of the neutrino. The most gen- LAHFf beam sto~.

eral mtrix elment which mignt describe the decay of a spin 1/2 ncutrino into

another spin 1/2 particle and a photon would “leadto an anqular distribution

of the form (1 + a cosn*), where the asymmetry para~ter a is related to the

parity violation in the decay and to the initfal polarization of the ncutrino

and must lie between -1 and +1,

A Monte Carlo program ~hfrh was previously used to determine the Qafn and

resolution of tn~ Chcrcnkov counter3 was nwxl’ificdto calculate the sensitivity

of the counter to the decay of a J and the subsequent conversion of the emit-

ted photon. He flt the rcsui-i{nqd~stribution into the rncroy spectrm mea-

sured by o’m !$0 counter aftei cosmfc ray and beam-associated high-energy

neutron and known neutrfno backgrounds were subtracted out.’ W have found

that the energy rcglon below 25 MV is contaminated with pflc-up from :hcrmal

ne~trons Aich came predwinantly within the LAWF beam qatc and could thus

not be subtrac!dd out. Essentially no sensitivity remains iIIthe energy



region above 55 MeV. We, therefore, choose our analysis region to be from

25 to 55 MeV. Figure 2 shows our background subtracted energy spectrm. The

curves show the res!lltsof the Monte Carlo calculations for vu and ~ and for

the asjmnetry parameter a = +1 and a ❑ -1. The normalization of the~e curves

has been chosen to correspond to the previous best experimental upper limit of

the sum of ‘J,, + TL
-2 A

decays, :/fl> 2.6 x 10 s/eV (90% confidence level).

Ue observe no evidence supporting ‘~ ~ decay, and so ~ quote an~or~

upper limit to v, or ~1,decay at the !?0?confidence level. The -esults for

our experiment for v and ~,
u

as a function of a is plotted in Fig. 3. In
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Fig. 2.
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Background-subtracted eneray riq, 3. Upper limits on muon-neu-
spcctra from .I~land ‘.l, trino lifctinw for vi:,:U ,
decays for a = +1 and Iv,,/H,b
‘ 0.026 s/cV.

and tot~l (II,, + ~,,) vs
asjmetry parameter a.

extract a S!nglc number for the scnslttvity to the sum of v,,and “~
lJ

decays, wc assume that the dwlnant mode of the decay Is Cp-conservlny so

that the decay rate~ and ill~center-of-mss angular dlstrib’ltlons are the same

for II .) + ~ as for ~ ●}+i. For normal neutr~no production, where v,,
II

arc produced wfth negative hclicity and ~u arc produced with posltlve helfcity,



and for maxinul parity-violating weak decay, we expect the asymmetry parameter

a =21, Furthermore, from an explicit calculation of the matrix element in
5

which only left-handed charged currents participate, we have that a = -1.

So choosing the asynmetry parameter a = -1, which also corresponds to

the lowest ser,sitivity of our experiment and sunning over vu and ~,,decays,
#

we obtain our rt2SUlt T..,iJ/Ff...~ 0.1? ?t the 9Clc;confidence level, where M, is
,. ‘v

the mass of tne muon neutrino in eV and :.l !s its mean life in seconds. This

represents a factor of 4 improvement over the best previous experimental

limits.4
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